INTRODUCTION
Diabetic retinopathy is one of the major microvascular complications of diabetes mellitus. The treatment of diabetic retinopathy includes retinal laser photocoagulation, intravitreal injection of antivascular endothelial growth factor and vitrectomy [1] [2] [3] . Vitrectomy is regarded the first-line therapy for vitreous hemorrhage or traction retinal detachment causing visual loss [4] [5] [6] [7] . Furthermore, vitrectomy is sometimes carried out for macular edema 8 . Therefore, vitrectomy could be considered a minor surgical procedure based on its wide application for diabetes patients. In this regard, there are just a few reports on the impact of various systemic conditions on postoperative complications after vitrectomy for diabetic retinopathy, and the relationship between various perioperative parameters and postoperative outcome in vitrectomy remains unclear.
The aim of the present study was to clarify the association between various perioperative parameters (e.g., glycemic control and surgical factors) and postoperative bleeding after pars plana vitrectomy for vitreous hemorrhage in patients with diabetic retinopathy. Specifically, we retrospectively examined patients who underwent vitrectomy for vitreous hemorrhage in order to identify parameters that might influence the postoperative outcome after vitrectomy.
METHODS
The participants of the present retrospective study represented all patients who were admitted to the Department of Ophthalmology, Osaka University Hospital, Osaka, Japan, between April 2010 and March 2014, and underwent pars plana vitrectomy (PPV) for vitreous hemorrhage associated with proliferative diabetic retinopathy. We excluded those patients who were diagnosed with glaucoma or detachment of the retina at the time of vitreous hemorrhage. We also excluded those who underwent PPV by surgeons with <10 years of experience or were on hemodialysis due to chronic renal failure. The total number of the study participants was 72 eyes of 64 patients.
Data for the present study were obtained from the medical records kept at Osaka University Hospital. For preoperative variables, we collected the following parameters: age, sex, body mass index, systolic and diastolic blood pressure, estimated glomerular filtration rate, fasting blood glucose just before PPV (preoperative FBS), hemoglobin A1c (HbA1c) within 1 month before PPV (preoperative HbA1c) and HbA1c at approximately 3 months before PPV (3M-before HbA1c). We also collected information about diabetes management (diet only, use of oral hypoglycemic agents, or use of insulin), history of cardiovascular diseases and treatment with antihypertensive or antiplatelet drugs. The operative variables that were collected included duration of PPV, concomitant cataract operation and use of laser photocoagulation during PPV. For postoperative variables, we examined the mean blood glucose levels before meals within 1 week after PPV and also the incidence of hypoglycemia during the same period. For the outcome events, the postoperative complications after vitrectomy, including bleeding and glaucoma, were evaluated at 1, 4, 12, 26 and 52 weeks after surgery. In addition, the severity of postoperative bleeding was classified as follows: grade 1, clearly visible optic disk and retinal blood vessels on ophthalmoscopy; grade 2, partial visibility of retinal blood vessels; grade 3, poorly demarcated of ill-defined optic disk; and grade 4, no clear optic disk.
This study was approved by the Institutional Ethics Review Board of Osaka University Hospital and carried out in accordance with the Principles of the Helsinki Declaration. The study was announced to the public on the website of our Department at Osaka University Hospital and all patients were allowed to participate or refuse to participate in the study.
Statistical analysis
Binomial logistic regression analysis was carried out. The outcome was defined as the presence or absence of bleeding within 3 months of surgery. In addition, Poisson regression analysis was carried out, in which the outcome was defined as the frequency of bleeding (Fbd) within 52 weeks after surgery taking the severity of bleeding into account. 'Fbd' was calculated by the following formula: sum of the grade number/follow-up period (weeks). Furthermore, we analyzed missing data using multiple imputation. The data encompassed repeated observations (right and left eyes) in the same patient. Data analysis was carried out using methods that account for data clustering.
RESULTS
The clinical characteristics of the participants are shown in Table 1 . A total of 64 non-obese normotensive patients with a mean estimated glomerular filtration rate of 53.6 mL/min/ 1.73 m 2 were studied (with 72 analyzed eyes). The mean age was 63.2 years. With regard to glycemic control, the mean preoperative HbA1c was 7.2% and mean 3M-before HbA1c was 7.5%. The mean decrease in HbA1c before surgery (Decrease HbA1c) calculated by (3M-before HbA1c) -(preoperative HbA1c) was 0.18%. The mean FBS measured just before surgery (preoperative FBS) was 118 mg/dL, while the mean blood glucose levels before a meal within 1 week after surgery was 142 mg/dL. With regard to the incidence of hypoglycemia within 1 week after surgery, 50 patients did not develop hypoglycemia, eight patients had one or two episodes, and two had more than three episodes. With regard to diabetes management, six were on diet only, 31 were using oral hypoglycemic agents alone and 30 were treated with insulin. Table 1 provides details about cardiovascular diseases, and the use of antihypertensive and antiplatelet drugs.
The operative variables are listed in Table 2 . The mean number of laser photocoagulation shots during surgery was 1,033, and the mean duration of operation was 56 min. Furthermore, 41 cases had concomitant cataract surgeries, whereas 31 did not. The postoperative complications after vitrectomy included bleeding and/or glaucoma. A total of 12 cases developed postoperative bleeding, and the bleeding occurred in five cases within 1 week, three cases within 4 weeks and four cases within 12 weeks after surgery (Table 3) . Thus, bleeding occurred within 12 weeks after surgery in all cases. The bleeding that occurred in the early phase (1 week) and in the late phase (12 weeks) after vitrectomy might reflect different pathology. The bleeding in the early phase might be derived from the vessels that could not be completely stanched during the surgical procedure resulting in oozing. In contrast, the bleeding in the late phase would be caused by re-bleeding from the vessels that were once stanched during the surgery, or represent new bleeding from other vessels after vitrectomy. Among the 12 cases, three also had postoperative glaucoma, and each glaucoma was observed within 4, 12 and 52 weeks, respectively, after surgery (Table 3 ). The types of glaucoma are also shown in Table 3 . Another case developed postoperative glaucoma, but not bleeding (that case is not included in Table 3 ). Together with that case, there were just four cases with postoperative glaucoma in our cohort, thus we did not analyze them for glaucoma. Instead, we analyzed their data for bleeding as a postoperative complication in the present study.
The clinical characteristics of the individuals with or without postoperative bleeding are shown in Table 4 . Age, preoperative HbA1c and duration of operation were significantly different between the participants with and without postoperative bleeding. A binomial logistic regression analysis was applied to determine the predictors of postoperative bleeding (Table 5) . After adjustment for age, preoperative HbA1c was not selected as a significant predictor. Next, we analyzed the distinctive factors described in Table 5 after adjustment for both age and preoperative HbA1c. Among these factors, the duration of operation was identified as the only significant predictor of postoperative bleeding.
We also tried to analyze the frequency of bleeding taking its severity into account (we termed it 'Fbd') using Poisson regression analysis (Table 6 ). As described in the Methods section, the 'Fbd' was calculated as follows: total sum of bleeding grade/ follow-up period (weeks), as described in Table 4 . Similar to the results of binominal regression analysis, preoperative HbA1c was not a significant predictor after adjustment for age in Poisson regression analysis. Furthermore, after adjustment for both age and preoperative HbA1c, high preoperative FBS, treatment with antiplatelet drugs, treatment with antihypertensive drugs and duration of operation were associated with the frequency of bleeding based on its severity.
DISCUSSION
The main finding of the present study was the identification of the duration of operation as a predictor of postoperative bleeding (within both 12 and 52 weeks) after vitrectomy. The operation time includes the time for photocoagulation and hemostasis against neovascularization. As photocoagulation was not associated with postoperative bleeding in the present study, the duration of operation should represent the degree of neovascularization and severity of diabetic retinopathy, with the consequent association with bleeding after surgery. In fact, the duration of operation was a significant predictor, even after adjustment for photocoagulation (data not shown). This finding indicates that we should carefully follow patients after vitrectomy for a period proportionate with the duration of operation.
Although perioperative hyperglycemia is associated with postoperative complications in major surgeries 9 , we could not find Bleeding was graded into 0 (no bleeding), 1 (optic disk and retinal blood vessels are observed clearly), 2 (retinal blood vessels are observed to some extent), 3 (optic disk is observed, but not clearly) and 4 (optic disk is not observed).
such relationship during the early period (12 weeks) after vitrectomy in the present study. The mean HbA1c within 1 month before surgery was 7.2%, and at 12 weeks before surgery was 7.5%. In addition, the mean preoperative FBS just before vitrectomy was 118 mg/dL (range 60-186 mg/dL). Furthermore, the mean blood glucose level before a meal within 1 week after surgery was 142 mg/dL. These data indicate well-controlled diabetes in our patients during the preoperative period. It is possible that perioperative glucose levels measured in the present study had no relationship with postoperative bleeding during the early period after vitrectomy. In contrast, we found that fasting blood glucose just before vitrectomy was associated with the frequency of bleeding within 52 weeks after vitrectomy. One possible reason for the observed results is that Data are mean -standard deviation and/or number of participants and (range). 3M-before HbA1c, hemoglobin A1c at 12 weeks before surgery; BMI, body mass index. HbA1c, hemoglobin A1c; Preoperative FBS, preoperative fasting blood sugar; Preoperative HbA1c, hemoglobin A1c within 4 weeks before surgery. a high level of preoperative FBS reflects the difficulty of glycemic control during such a period, which could result in chronic hyperglycemia after surgery, leading to postoperative bleeding during the longer period. Anyway, it remains unknown whether postoperative bleeding can be prevented by lowering preoperative FBS levels relative to those found in the present study. Further studies are required to clarify this issue.
It is interesting that the use of antiplatelet drugs was negatively associated with the frequency of bleeding within 52 weeks after vitrectomy. Together with the fact that use of antiplatelet drugs was not associated with postoperative bleeding during the 12 weeks after vitrectomy, this finding suggests that antiplatelet drugs can be used safely during the perioperative period of vitrectomy. Furthermore, the use of these agents might contribute to improvement of local circulation and prevention of neovascularization, with consequent indirect prevention of bleeding during the longer postoperative period.
In contrast, the use of antihypertensive drugs was associated with the frequency of bleeding within 52 weeks after vitrectomy. In general, hypertension, as well as high blood glucose, promotes neovascularization and bleeding. In the present study, blood pressure in patients using antihypertensive drugs was not significantly different from that in patients not taking such medications. As the patients using them had been diagnosed with hypertension before the present study, they should have been exposed to hypertension for some time. Furthermore, the daily variance of blood pressure in these patients might be larger than that in those without antihypertensive drugs. Past exposure to hypertension or possible daily variation in blood pressure might contribute to postoperative bleeding during the longer period after vitrectomy.
The present study had certain limitations. First, the number of patients and the number of events were relatively small, thus we carried out binomial logistic regression analysis only using two or three confounding factors. Second, as shown in Table 1 , there were some missing values in our data and we had to use the multiple imputation method in this analysis. However, we believe that the conclusions of this study are reasonable due to the use of proper statistical methods.
In conclusion, we retrospectively examined patients with vitrectomy for vitreous hemorrhage, and found the duration of surgery to be a significant and independent predictor of bleeding within both 12 and 52 weeks after vitrectomy. In addition, FBS just before vitrectomy, no treatment with antiplatelet drugs and treatment with antihypertensive drugs might be risk factors for postoperative bleeding up to 1 year after vitrectomy. These parameters should be of help in the selection of treatment and clinical care of diabetes patients after vitrectomy. 
